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COLOR PROCESSING APPARATUS AND
COLOR PROCESSING METHOD

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an apparatus or method for
performing color processing using a table whose inputs are a
fundamental stimulus value and a spectral support coetfi-
cient.

2. Description of the Related Art

Heretofore, the colors of colorants generating an output
image ol a color recording apparatus have been generally the
three colors of cyan (C), magenta (M), and yellow (Y'), which
are the three primary colors serving as a subtractive color
mixture, or the four colors, which black (K) 1s added thereto.
In this case, the three color components of red (R), green (G),
and blue (B) of input image data have been converted into the
three colors of C, M, and Y, or the four colors 1including K,
thereby generating an 1mage using the colorant of each color.
Also, 1n recent years, color reproduction apparatuses have
been put on the market wherein 1in addition to the four funda-
mental colorants of C, M, Y, and K, the other colorants other
than the three primary colors serving as a subtractive color
mixture, 1.e., the three colors of RGB serving as additional
colors other than the fundamental colorants, such as red,
green, blue, orange, and violet are added as colorants. Such a
color reproduction apparatus can provide color reproduction
that cannot be achieved with image reproduction using exist-
ing three colors or four colors.

Also, the demand for high image quality is increasing
along with the rapid spread of color reproduction apparatuses
in recent years, and 1t has been proposed to employ the spec-
tral information of a visible wavelength region serving as
input information to be given to color reproduction appara-
tuses. A color management system incorporating such spec-
tral information (hereatter, referred to as spectral CMS) deter-
mines an output color such that the spectral error as to spectral
information to be mput becomes the minimum. Thus, in terms
of the color appearance, an output image can be generated to
match an 1nput regardless of viewing conditions such as 1llu-
minant under viewing condition and so forth, 1.e., metamer-
1sm can be reduced.

However, within the spectral CMS, the number of dimen-
sions of data to be handled markedly increases, compared
with the tristimulus values represented by the existing
CIELAB, CIEXYZ, and so forth. For example, when sam-
pling spectral information in a range of 400 nm through 700
nm 1n increments of 10 nm, spectral data to be obtained
becomes 31 dimensions. In order to construct a simpler spec-
tral CMS, 1t becomes i1mportant to reduce the number of
dimensions without losing spectral information, and also to
perform data compression eflectively.

As for a data compression method of spectral information,
a method for compressing spectral information employing
spectral color space called as six-dimensional LabPQR has
been proposed (see M. Derhak, M. Rosen, “Spectral Colo-
rimetry Using LabPQR—An Internm Connection Space”,
Color Imaging Conference 2004, U.S.A., Imaging Science
and Technology, November 2004, pp 246-250). This LabPQR
includes L*a*b* values, so under a specific viewing condi-
tion on which the L*a*b* values depend, the same color
reproduction as colorimetry color reproduction can be
achieved. The LabPQR further includes PQR serving as spec-
tral information, whereby metamerism can be reduced.

Also, with the above-described spectral CMS employing
the LabPQR, a method for determining an output color rap-
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2

1dly using a color lookup table (CLUT) has been proposed
(see S. Tsutsumi, M. Rosen, R. Berns, “Spectral Reproduc-
tion using LabPQR: Inverting the Fractional-Area-Coverage-
to-Spectra Relationship”, International Congress of Imaging
Science, U.S.A., Imaging Science and Technology, May
2006, pp 107-110).

With a method for determining an output color of a repro-
duction apparatus via the spectral color space LabPQR of six
dimensions based on spectral information to be input, 1n order
to implement the spectral CMS using the CLUT, 1t 1s neces-
sary to employ the six-dimensional CLUT. Accordingly, this
causes a problem wherein the memory size for recording such
a CLUT increases.

Further, with S. Tsutsumi, M. Rosen, R. Berns, “Spectral
Reproduction using LabPQR: Inverting the Fractional-Area-
Coverage-to-Spectra Relationship”, International Congress
of Imaging Science, U.S.A., Imaging Science and Technol-
ogy, May 2006, pp 107-110, there 1s description wherein the
spectral CMS employing the CLUT made up of the six-
dimensional LabPQR 1s performed, but a method for gener-
ating the CLUT 1s not described at all.

SUMMARY OF THE INVENTION

To this end, with color processing for reducing metamer-
1sm, the present invention provides an apparatus or a method
for reducing the memory size ol a color conversion table
while maintaining color reproduction accuracies.

A first aspect of the present invention provides a color
processing apparatus, comprising: an input unit configured to
input a fundamental stimulus value and a spectral support
coellicient; and a calculation unit configured to calculate an
output color corresponding to the input fundamental stimulus
value and the input spectral support coelficient using a table
whose mnputs are a fundamental stimulus value and a spectral
support coellicient; wherein the spectral support coetlicient
corresponds to a spectral error at the time of reconstructing
spectral information from the fundamental stimulus value;
and wherein the interval of grid points of said table are uneven
regarding the spectral support coelficient, and the interval in
the vicinity whose relevant spectral support coetlicient 1s zero
1s small as compared with the interval in the vicinity whose
spectral support coelficient has a great absolute value.

A second aspect of the present invention provides a color
processing apparatus, comprising: an input unit configured to
input a fundamental stimulus value and a spectral support
coellicient; and a calculation unit configured to calculate an
output color corresponding to the input fundamental stimulus
value and the input spectral support coelficient using a table
whose iputs are a fundamental stimulus value and a spectral
support coetficient; wherein the spectral support coetficient
corresponds to a spectral error at the time of reconstructing
spectral information from the fundamental stimulus value;
and wherein first and second coelficients whose degree of
incidence given to spectral information differs are included 1n
the spectral support coelficient, and with the table, the num-
ber of grid points of the first coellicient 1s greater than the
number of grid points of the second coelficient.

A third aspect of the present mnvention provides a color
processing apparatus, comprising: an input unit configured to
input a fundamental stimulus value and a spectral support
coellicient; and a calculation unit configured to calculate an
output color corresponding to the input fundamental stimulus
value and the 1nput spectral support coelficient using a table
whose mnputs are a fundamental stimulus value and a spectral
support coellicient; wherein the spectral support coetlicient
corresponds to a spectral error at the time of reconstructing
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spectral information from the fundamental stimulus value;
and wherein first and second coelficients whose degree of
incidence given to spectral information differs are included 1n
the spectral support coelficient, and with the table, the range
of the first coetficient 1s wider than the range of the second
coellicient.

A fourth aspect of the present invention provides a color
processing apparatus, comprising: an input unit configured to
input a fundamental stimulus value and a spectral support
coellicient; and a calculation unit configured to calculate an
output color corresponding to the input fundamental stimulus
value and the input spectral support coelficient using a table
whose inputs are a fundamental stimulus value and a spectral
support coefficient; wherein the spectral support coellicient
corresponds to a spectral error at the time of reconstructing

spectral information from the fundamental stimulus value;
and wherein with the table, the number of dimensions of a

spectral support coellicient differs depending on a color
region.

Other features and advantages of the present invention will
be apparent from the following description taken 1n conjunc-
tion with the accompanying drawings, 1n which like reference
characters designate the same or similar parts throughout the
figures thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in
and constitute a part of the specification, 1llustrate embodi-
ments of the invention and together with the description,
serve to explain the principles of the invention.

FI1G. 1 1s a block diagram 1llustrating the configuration of a
color processing apparatus according to a first embodiment.

FI1G. 2 1s a block diagram illustrating the configuration of
the spectral decomposition part 1n FIG. 1.

FIG. 3 1s a flowchart illustrating the operation of the spec-
tral decomposition part.

FIG. 4 1s one example of a memory array storing a spectral
1mage.
FI1G. 5 1s a tlowchart illustrating a method for determining,

the function determining spectral fundamental stimulus and

the function determining spectral support coetficient in FIG.
2.

FIG. 6 1s a function determining spectral fundamental
stimulus derived from print patches of 729 colors.

FI1G. 7 1s a plot the spectral error of a print patch.

FIG. 8 1s a function determining spectral support coetli-
cient dertved from the print patch.

FIG. 9 1s a histogram of PQR values derived with the
function determining spectral fundamental stimulus and the
function determining spectral support coellicient, which are
calculated from the print patch.

FI1G. 10 1s a block diagram illustrating the configuration of
the color conversion table creating umt 1in FIG. 2.

FI1G. 11 1s a flowchart 1llustrating the operation of the color
conversion table creating unit.

FIG. 12 1s one example of a six-dimensional color conver-
s1on table.

FIG. 13 1s one example of a color conversion table whose
number of dimensions differs depending on a color region.

FI1G. 14 1s a flowchart 1llustrating the operation of a color
conversion table creating unit serving as a second embodi-
ment.
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4
DESCRIPTION OF THE EMBODIMENTS

First Embodiment

FIG. 1 1s a block diagram 1illustrating the configuration
according to a color processing apparatus serving as a {irst
embodiment. Reference numeral 101 denotes a color pro-
cessing unit for determiming the value of an output color.
Reference numeral 102 denotes input image data, which is the
spectral information of each pixel. Reference numeral 103
denotes a spectral decomposition part for decomposing spec-
tral information into a fundamental stimulus value and a
spectral support coellicient. The fundamental stimulus value
1s one of tristimulus values in 1lluminant under a particular
viewing condition represented with the CIELAB, CIEXYZ,
and so forth, or a color value (e.g., RGB) derived and calcu-
lated thereirom. On the other hand, the spectral support coet-
ficient corresponds to the spectral error at the time of recon-
structing spectral information from the fundamental stimulus
value. The spectral support coellicient 1s used for supple-
menting this spectral error.

Reference numeral 104 denotes a conversion table for cor-
relating a pair of the fundamental stimulus value and the
spectral support coelficient with an output color. Reference
numeral 105 denotes a color conversion table creating unit for
generating the color conversion table 104. Reference numeral
106 denotes the fundamental stimulus input terminal of the
color processing unit 101, and 107 denotes the spectral sup-
port coellicient mput terminal of the color processing unit
101. Reference numeral 108 denotes an output color calcula-
tion unit for calculating an output color from the fundamental
stimulus value and the spectral support coelficient with ret-
erence to the color conversion table 104. Reference numeral
109 denotes the output terminal of the output color of the
color processing unit 101, and 110 denotes an 1mage repro-
duction unit by the color reproduction apparatus.

Spectral Information Composition Part

FIG. 2 1s a block diagram 1illustrating the configuration of
the spectral decomposition part 103. Reference numeral 201
denotes the information of a CIE standard observer function
and 1lluminant under viewing condition. Reference numeral
202 denotes a tristimulus value calculation unit for calculat-
ing tristimulus values from spectral information using the
CIE standard observer function and the information of 1llu-
minant under viewing condition. Reference numeral 203
denotes a function determining spectral fundamental stimu-
lus to be used for calculating spectral fundamental stimulus
from tristimulus values.

Reference numeral 204 denotes a spectral fundamental
stimulus calculation unit for calculating a spectral fundamen-
tal stimulus from tristimulus values using the function deter-
mining spectral fundamental stimulus 203. Reference
numeral 205 denotes a conversion unit for converting tris-
timulus values into fundamental stimulus values (L*a*b*) on
the uniform color space. Reference numeral 206 denotes a
function determining spectral fundamental stimulus used for
calculating a spectral support coellicient from the spectral
error between the spectral fundamental stimulus value and the
spectral image data 102. Reference numeral 207 denotes a
spectral support coelficient calculation unit for calculating a
spectral support coelficient (PQR) from a spectral error using,
the function determining spectral support coelficient 206.
Description will be made below regarding the operation of the
spectral decomposition part 1n FIG. 2 1n accordance with the

flowchart 1n FIG. 3.
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First, a spectral image 1s sequentially scanned with an
unshown 1mage scan unit to input spectral information R(3, 1,
i) 1n each pixel (step S301). FIG. 4 1s one example of a
memory array storing the mput spectral image data. The
spectral image employed for the first embodiment 1s made up
of the number of horizontal pixels W and the number of
vertical pixels H. Subsequently, the spectral retlectance
obtained by a wavelength A cutting a visible region 1n a range
o1 380 nm through 730 nm 1n increments of 10 nm 1s stored at
cach pixel position. That 1s to say, each pixel includes 36-di-
mensional spectral reflectance data, and the reflectance at
cach dimension 1s a value varying between O and 1.

Next, the tristimulus value calculation unit 202 calculates
tristtimulus values CIEXYZ from the spectral retlectance at
the pixel position (1, j) 1n accordance with the following
equations (step S302),

730

X(i, )=k Z SQORG, i, VT(N)AA
A=380

730

Y(i, /) = k Z SQOR(, i, VF)AL
A=380

730

Z(i, ) =k Z SOURG, 7, DZ(M)AA
A=380

100

k =
730

2 SA)ydaa
A=380

wherein S(A) 1s the spectral radiance of i1lluminant under
viewing condition. With the present embodiment, the CIE
D50 illuminant is employed as illuminant information. x(A),

y(A), and z(A) are standard observer functions.

Next, the spectral fundamental stimulus calculation unit
204 calculates a spectral fTundamental stimulus from the tris-
timulus values using the following equation (step S303),

N(i 7. )=TxNc(i j),

Nel 7)=[ XG0, Y.7),2G.1)]

wherein N 1s a matrix representing a spectral fundamental
stimulus having a size o1 36x1, and T 1s a matrix representing
the function determining spectral fundamental stimulus 203
having a size of 36x3. The function determiming spectral
tfundamental stimulus 203 1s prepared beforehand. Nc(, 1) 1s
a matrix of 3x1 made up of the tristimulus values at the pixel
position (1, 7).

The superscript ““1”” described at the right side of the above
expression denotes a transposed matrix. As can be understood
from the above expression, the spectral fundamental stimulus
calculation unit 204 calculates the i1dentical spectral funda-
mental stimulus as to all of the combinations (metameric
pairs) where the tristimulus values Nc are the identical value.

Next, the spectral difference between the spectral informa-
tion R(1, 1, A) serving as mput spectral image data and the
spectral fundamental stimulus N(1, 1, A) 1s calculated with the
tollowing equation (step S304).

B(i,j,h=R(i j,\)-N(ijh)

Subsequently, the spectral support coeltlicient calculation
unit 207 calculates the spectral support coefficient Np(1, 1) at
the pixel position (1, 1) 1n accordance with the following

expression using the function determining spectral support
coellicient 206 (step S305).

Np(i )=V xB(ij N
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Here, V 1s a matrix representing a function determining,
spectral support coellicient having a size of 36x3. With the
first embodiment, the spectral support coellicient Np(1, 1) 1s
composed of three coellicients, and the respective coelli-
cients are referred to as P, Q, and R.

Thus, while the spectral support coetlicient Np 1s obtained
from the tristimulus values Nc calculated 1 step S302, the
conversion unit 205 calculates the fundamental stimulus
value at the uniform color space from the tristimulus values
Nc (step S306). With the first embodiment, the CIELAB 1s
employed as uniform color space. The conversion from the
tristimulus values Nc¢ mto the L*a*b™* values 1s performed in
accordance with the following equations.

L*=116(Y/Yn)-16/116),
a *=500(AX/Xn) - ¥/ Yi)),

b*=200(f Y/Yn)~AZ/Zn))
Here, function 1(x) 1s defined as follows.

Ax)=x"(1/3) (x>0.008856)

Ax)=7.787x+16/116 (x=0/008856)

Also, Xn, Yn, and Zn are the tristimulus values of reference
white color under the 1lluminant of interest. With the present
embodiment, the tristimulus values of the reference white
under the CIE D50 illuminant are employed.

Finally, determination 1s made regarding whether or not the
calculations of the spectral support coeflicient Np and the
L*a*b* values have been completed regarding all of the pix-
els (step S307). Subsequently, in the event that there 1s an
unprocessed pixel, the flow returns to step S301, and repeat-
edly performs the processing from step S301 through S306.

With the first embodiment, let us say that the six-dimen-

sional color space having both the L*a*b* values and the
PQR values 1s referred to as LabPQR.

Function Determining Spectral Fundamental Stimulus, Func-
tion Determining Spectral Support Coellicient

Description will be made below in detail regarding a
method for determining the function determiming spectral
fundamental stimulus 203 and the function determining spec-

tral support coelficient 206 1n accordance with the tflowchart
in FIG. S.

First, 1n order to determine the above two functions, there
1s prepared a data set including the spectral reflectance of a
plurality of sample colors (step S501).

With the first embodiment, as for sample colors, print

patches having different colors of 729 colors randomly dis-
tributed 1n the CIELAB space are employed, which are
formed at the 1mage forming unit 110. Note that a patch
means a color chart making up a uniform color distribution.
Subsequently, as for spectral retlection data, the spectral
reflection data obtained by measuring these patches 1s
employed.
Also, as for a sample color, as long as a data group distrib-
uted within color space, there 1s no constraint as described
above. For example, GretagMacbeth ColorChecker, Col-
orCheckerDC, Munsell Book of Color, or the like can be
employed.

Next, the tristimulus values Nc are calculated from the
input spectral reflectance of each print patch (step S502). A

method for calculating the Nc from spectral reflectance 1s as
described above.

Next, a pseudo-mnverse matrix for reconstructing the spec-
tral reflectance of mput from the tristimulus values 1s calcu-
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lated (step S503), and retains this as a function determining
spectral fundamental stimulus T (step S504).

I'=Rxpinv(Nc)

The R according to the present embodiment 1s a matrix
composed of a spectral reflectance group having a size of
36x729, which stores spectral reflectance in the row direc-
tion. Similarly, the Nc according to the present embodiment 1s
a matrix composed of the tristimulus value group having a
s1ze of 3x729. The pinv( ) 1s a function for obtaiming the
pseudo-inverse matrix of an mput matrnix. FIG. 6 1s a graph
wherein the coetlicient corresponding to each wavelength of
the matrix T derived from the print patches of 729 colors 1s
plotted.

The function determining spectral fundamental stimulus T
and the tristimulus values Nc are employed, whereby the
spectral reflectance of mput can be estimated by using the
tollowing equation.

N=T%Nc

Note that N 1s equivalent to the spectral fundamental stimu-
lus. However, as describe above, spectral reflectance 1s deter-
mined uniquely as to a set of the tristimulus values Nc, and
accordingly, spectral estimation capable of classitying a
metameric pair cannot be accomplished by using the above
equation.

In order to classily a metameric pair, 1t becomes necessary
to newly provide a support index that takes spectral informa-
tion 1nto consideration 1n addition to the tristimulus values.
Therefore, the spectral difference between the input spectral
information R and the spectral fundamental stimulus T 1s
calculated with the following equation (step S505).

bB=R-N

Note that the matrix B stores all of the spectral errors of the
print patches of 729 colors, and has a matrix size ol 36x729.

FI1G. 7 1s a diagram plotting the spectral error of a sample
color. The function determining spectral fundamental stimu-
lus T 1s determined so as to minimize the spectral errors of the
whole print patches, so errors are distributed centered on
around zero.

Next, the significant eigenvector vi of the spectral error
matrix B 1s calculated (step S506), and the first through third
significant eigenvectors are preserved as a function determin-
ing spectral support coetlicient V as follows (step S507).

V=(v1,v2,v3)

vl 1s the first significant eigenvector, v2 1s the second
significant eigenvector, and v3 1s the third significant eigen-
vector. Each of the significant eigenvectors has a size 0136 x1.
FIG. 8 1s a diagram plotting the coellicient corresponding to
cach wavelength of the matrix V derived from a sample color.
Description will be made regarding the calculation of an
significant eigenvector. First, the covariance matrix of the
spectral error matrix B 1s calculated 1n accordance with the
following equation.

W=BxBt

Subsequently, the following equation 1s solved to obtain
the specific value A1 and specific vector vi (1 1s the number of
dimensions of a vector) of the covariance matrix. Subse-
quently, the specific vector 1s a function determining spectral
support coelficient.

Wxvi=pixvi

According to the following processing, the function deter-
mimng spectral fundamental stimulus T and the function
determining spectral support coellicient V are determined.
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Employing the function determining spectral fundamental
stimulus T thus calculated enables a spectral support coelli-
cient according to a spectral error to be calculated. According
to this spectral support coeflicient, the spectral difference can
be also obtained regarding a metameric pair handled as the
same stimulus value with conventional calorimetric repro-
duction. The processing for dertving the tristimulus values N¢
and the spectral support coelflicient Np from the spectral
reflectance 1s performed by the spectral decomposition part
103. Spectral reflectance 1s reconstructed from the corre-
sponding tristimulus values Nc and the spectral support coel-
ficient Np. The spectral reconstruction 1s performed using the
following equations.

RR=N+B8B

=TXNc+V XNp

R' 1s the reconstructed spectral reflectance. The second
term at the right side of the above equation represents the
spectral difference of a metameric parr.

Distribution of Spectral Support Coellicient

FIG. 9 15 a histogram of the spectral support coetficient Np
of the sample color calculated with the function determining
spectral fundamental stimulus T and the function determining
spectral support coellicient V, 1.e., the PQR values. Note that
P, Q, and R are weighting coellicients as to the first, second,
and third significant eigenvectors respectively. In addition to
the print patches of 729 colors, GretagMacbeth Col-
orChecker (24 colors), ColorCheckerDC (240 colors), and
Munsell Book of Color glossy edition (1600 colors), paint
chips (120 colors), the spectral retlectance of objects includ-
ing the colors in natures, such as human skin, plants, sky, and
so forth (170 colors) are added to the histogram shown 1n FIG.
9. It can be said that this histogram includes the spectral
reflectance of typical objects.

Two features regarding the PQR values can be observed
from this histogram.

(1) Many samples are distributed in the vicinity where the
PQR values become zero.

(2) The varniation range of the PQR values 1s P>Q>R.

First, the first feature greatly relates to the distribution of
spectral errors shown in FIG. 7. As described above, the
spectral errors are approximated with the spectral support
coellicient Np (PQR values) and the function determining
spectral support coellicient V. Therefore, 1n the event that
many samples are distributed in the vicinity where the spec-
tral error 1s zero, the degree of dependence as to the function
determining spectral support coellicient V becomes low, and
the frequency of samples whose Np becomes a value nearby
zero becomes high. Next, the reason why the second feature
can be obtained 1s that the first significant eigenvector vl
corresponding to the P value 1s set to the direction indicating
the largest variance 1n the distribution range of the spectral
errors. The Q value and R value correspond to the second
significant eigenvector v2, and the third significant eigenvec-
tor v3 respectively, so the variance range of the PQR values
become P>Q>R. The color conversion table 104 1s con-
structed focusing on the two features relating to the PQR
values.

Conversion Table Creating Unait

FIG. 10 1s a block diagram 1llustrating the configuration of
the color conversion table creating unit 105. Reference
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numeral 1001 denotes a grid point setting unit for setting the
orid points of the color conversion table 104. Reference
numeral 1002 denotes an 1nitial value setting unit for deter-
mimng the initial values of parameters necessary when cre-
ating the color conversion table 104. Reference numeral 1003
denotes a loop processing unit for sequentially updating the
parameters.

Reference numeral 1004 denotes a printer color prediction
unit for predicting a color formed by the image reproduction
unit 110. Reference numeral 1005 denotes the input terminal
of the fundamental stimulus value, and 1006 denotes the input
terminal of the spectral support coelficient. Reference
numeral 1007 denotes an evaluation function for comparing,
between the fundamental stimulus value and spectral support
coellicient input from the input terminals 10035 and 1006 and
the fundamental stimulus value and spectral support coetii-
cient provided from the spectral decomposition part 103.

Reference numeral 1008 denotes an evaluation value cal-
culation unit for calculating an evaluation value using the
evaluation function 1007. Reference numeral 1009 denotes a
termination determining unit for determining regarding
whether to end the loop processing. Reference numeral 1010
denotes an optimizing unit for searching the next output color
to be given to the printer color prediction unit 1004.

Description will be made below regarding the operation of
the color conversion table creating unit 1n FIG. 10 1n accor-
dance with the flowchart 1n FIG. 11.

First, the grid points setting unit 1001 sets the position of a
orid point to be built 1n the color conversion table, and the like
(step S1101). With the first embodiment, let us say that the
L*a*b* values serving as the fundamental stimulus values,
and the PQR values serving as spectral support coellicients
are employed. Let us say that the color conversion table to be
formed 1s made up of the spectral space of the LabPQR, and
the number of dimensions thereof 1s s1x dimensions. Let us
say that the number of grids inthe L*a*b™* space1s 17x17x17,
and sampling 1s performed evenly as to each of the axes such
as shown in the following.

L*=0, 6.25, 12.5,...,93.75, 100,
a*=_128, —112,-96,...,112, 128,

b*=—128, 112, =96, ..., 112, 128

On the other hand, the setting of the grid points 1n the PQR
space 1s performed by unevenly sampling with reference to
the histogram of the PQR values 1n FIG. 9 as follows.

P=—1.2, 0.8, 0.4, -0.2, 0, 0.2, 0.4, 0.8, 1.2,
Q=-0.8, -0.4, -0.2,0, 0.2, 0.4, 0.8,

R=-0.6,-0.2,0,0.2, 0.6

Accordingly, the grid points 1n the PQR space are 9x7x3,
and the features at the time of setting the grid points in the
PQR according to the first embodiment are:

(1) The interval 1n the vicinity of zero 1s small as compared
with the interval 1n the vicinity having a great absolute value.

(2) With the definition region, P 1s set to be relatively wide, @
1s set to be relatively narrow, and the relation thereof is

P=Q=R.

(3) With the grid points, a relatively great number of Ps 1s set,
but relatively few Qs are set, and the relation thereof 1s
P=Q=R.

FIG. 12 illustrates one example of the color conversion
table employed for the first embodiment. This table 1s actually
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a s1x-dimensional color conversion table, but for the sake of
convenience ol explanation, this table 1s drawn by being
divided 1nto two three-dimensional color conversion tables.
Each grid point in the CIELAB space retains the specific color
conversion table corresponding to the PQR space. The num-
ber of grid points as the entire color conversion table 1s
17x17x17x9x7x5=13547593. Next, a grid point LabPQR_1in
(n) (wherein n 1s the grid point of 1nterest) to be calculated
first at the mitial value setting unit 1002 1s specified (step
S51102). For example, LabPQR_in(1)=(0, -128, -128, -1.2,
-0.8, -0.6) 1s set as the itial value thereof. Next, the initial
value setting unit 1002 provides an appropriate output color
as an 1nitial value 1n order to perform appropriate processing
(step S1103). Here, the result of an unshown random number
generating apparatus generating a random number 1S pro-
vided as an 1nitial value. Next, the printer color prediction unit
1004 predicts the spectral retlectance of the output color (step
S1104). A spectral Neugebauer model 1s employed for the
spectral prediction of a printer.

Next, the spectral decomposition part 103 decomposes the
spectral reflectance of the output color into a fundamental
stimulus value and a spectral support coellicient (step S1105).
The decomposition method 1s as described above. Next, the
evaluated value calculation unit 1008 compares between the
LabPQR_in(n) values of the grid point of interest supplied
from the grid point setting unit 1001, and the fundamental
stimulus value (L*a*b* values) and spectral support coelli-
cient (PQR values) supplied from the spectral decomposition
part 103, and evaluates the degree of coincidence between the
two sets of the LabPQR values (step S1106). The evaluation
function 1007 shown in the following expression 1s employed
for that evaluation.

Eval=AFEab+cAPQOR

Here, AEab 1s the color difference 1n the CIELAB space,
APQR 1s the Fuclidean distance in the PQR space, and a 1s a
weighting coellicient. With the first embodiment, let us say
that the weighting coellicient 1s a constant value such as a=9.
Next, determination 1s made regarding whether or not the
evaluated value Eval satisfies a termination condition
(whether the evaluated value 1s a constant value or less, or the
evaluated value Eval i1s converged following repeating the
loop processing) (step S1107). In the event that the termina-
tion condition 1s not satisfied, an appropriate output color 1s
updated at the optimizing unit 1010 (step S1108), and the
processing from step S1104 through step S1106 1s repeatedly
performed. Here, the quasi-Newton method 1s employed as
the searching method of the optimizing unit 1010. In the event
that the evaluated value satisfies the termination condition, an
output color 1s stored in the color conversion table as the

optimal value with the LabPQR_1in(n) (step S1109).

Next, determination 1s made whether or not the optimal
output value has been determined at all of the grid points (step
S1110), and 1n the event that the output value has not been
determined at all of the grid points, they are updated to
unprocessed LabPQR values (step S1111). Subsequently, the
processing from step S1103 through step S1109 1s repeatedly
performed. Thus, the color conversion table 104 is created.

Note that AEab has been employed as the color difference
of the evaluation function 1007, but another color difference
equation may be employed instead of AEab. There 1s no
problem even 1 AE94, AEOO, or something similar to color
difference 1s employed.

The memory size (bytes) of the color conversion table can
be calculated with the following expression.

SIZE=N_gridsxb5oxbo
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Here, N_grids denotes the number of grid points within the
color conversion table, Bo denotes the number of colors of the
output color, and bo denotes the number of bytes necessary
for representing the output color. As one example, description
will be made regarding the case of employing an 1mage form-
ing apparatus having six output colors (Bo=6). At this time,
let us say that bo=1, and each output color is represented with
an integer value of 0 through 255. Let us say that the setting of
the number of grids 1s the same as the previous example, 1.¢.,
17x17x17x9%x7x5. The color conversion table defined with
such an arrangement has 15473595 grid points, so that the
memory size 1s 9285570 bytes (around 1.5 megabytes).

For example, 1n the event of setting the grid points with an
even interval of 0.2 at the defined region of the PQR equiva-
lent to the first embodiment, the number of grid points of the
color conversion table corresponding to the PQR space is
13x9x7. In the event that the setting of the grid points in the
CIELAB spacehasno change such as 17x17x1°/7, the memory
s1Zze necessary for the color conversion table 1s around 3.8
megabytes, which requires around 2.5 times as much the
memory size as compared with the uneven setting of the grid
points.

When comparing with the memory size of the color con-
version table necessary for existing three-dimensional colo-
rimetry color reproduction, with the first embodiment
employing the six-dimensional color conversion table, the
memory size 1s apt to increase inevitably. Accordingly,
increase of 2.5 times as much the memory size causes a
problem also from the cost side. On the other hand, 1t can be
conceived that evenly setting the grid points by widening the
interval of the grid points 1 the PQR space to 0.3 or so
prevents the memory size from increase.

However, as it 1s apparent from the histogram shown in
FIG. 9, the interval of the grid points around zero point where
many samples are distributed 1s also set to be wider, resulting
in a shortcoming wherein the accuracy of the output color to
be obtained with reference to the color conversion table
decreases. With the first embodiment, as to a problem such as
increase ol the memory size which 1s hard to avoid in the
many dimensional color conversion table, the distribution
properties are taken into consideration, whereby the color
conversion table which does not decrease the reproduction
accuracies of an output with the minimum memory size can
be created.

Output Color Calculation Unait

The output color calculation unit 108 determines an output
color as to the L*a*b* values supplied from the fundamental
stimulus value mput terminal 106, and the L*a*b* values and
PQR value supplied from the spectral support coefficient
input terminal 107. More specifically, the output color calcu-
lation unit 108 determines an output color with many dimen-
sional interpolation processing using the output color stored
in the grid point of the color conversion table near the point of
interest. Examples of the many dimensional interpolation
processing include cubic interpolation, and tetrahedron inter-
polation.

Note that with the first embodiment, description has been
made regarding the color conversion table having the size of
17x17x17x9%x7x5, but 1t 1s needless to say that the interval of
the grid points, the defined region of the grid points, and the
number of grid points can be modified. Also, the grid point
setting umit 1001 includes a user interface, and there i1s no
problem even 1f an arrangement may be employed wherein
the interval of the grid points, the defined region of the grid
points, and the number of grid points can be set arbitrarily
depending on user preference.
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Further, with the first embodiment, the color conversion
table has been described as one example wherein the interval
in the vicinity whose spectral support coelficient 1s zero 1s
small as compared with the interval in the vicinity whose
spectral support coetlicient has a great absolute value, but it 1s
needless to say that even in the event of employing a color
conversion table wherein the relative interval of the spectral
support coellicient 1s not changed, and an offset 1s added to
that spectral support coetlicient, the present invention can
provide an apparatus or a method for suppressing the memory
size of a color conversion table while maintaining color
reproduction accuracies.

Also, with the first embodiment, description has been made
with the six-dimensional LabP(QR as one example of the color
space, but the number of dimensions of the spectral space
which accompanies the CIELAB 1s not restricted to three
dimensions. There 1s no problem even in the event of the
four-dimensional color space composed of the P value and
CIELAB corresponding to the first significant eigenvector, or
the five-dimensional color space composed of the PQ values
and CIELAB corresponding to the first significant eigenvec-
tor and the second significant eigenvector. Further, 1t 1s need-

less to say that the present first embodiment can be executed
even 1n the event of employing the color space of seven
dimensions or more 1n which the fourth significant eigenvec-
tor and on are taken 1nto consideration.

As described above, according to the first embodiment, an
output color 1s determined using a color conversion table
whose keynote 1s the many dimensional spectral space Lab-
POQR, whereby an output image that can reduce metamerism
at high speed can be obtained. Further, when creating such a
color conversion table, the distribution properties in the spec-
tral space PQR of the reflectance of a typical object are taken
into consideration, whereby the color conversion table can be
provided wherein increase of the memory size necessary for
the color conversion table 1s prevented, and also the accuracy
of an output color at the time of interpolation processing 1s not
deteriorated.

Second Embodiment

With the first embodiment, an arrangement has been made
wherein each of the grid points of the color conversion table
corresponding to the CIELAB space further includes the
color conversion table of the spectral space (PQR) having the
same number of dimensions. With the first embodiment, an
arrangement 1s made wherein a high dimensional color con-
version table 1s created 1n the color space region particularly
necessary for reduction of metamerism, and a low dimen-
sional color conversion table 1s created regarding the regions
other than that region.

FIG. 13 1s one example of a color conversion table
employed for the second embodiment. With the second
embodiment, let us say that the regions particularly necessary
for reduction of metamerism are a gray region, a tlesh-colored
region, a sky-blue region, and a green region. Let us say that
these regions are referred to as important color regions. With
the second embodiment, the color conversion table included
in the important color regions within the CIELAB space 1s
made up of six-dimensional LabPQR space, and with regard
to the color regions other than those, the color conversion
table 1s made up of five-dimensional color space LabPQ
which 1s made up of the PQ values and CIELAB correspond-
ing to the first significant eigenvector and the second signifi-
cant eigenvector.
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Description will be made below regarding the operation of
the color conversion table creating unit 103 according to the
second embodiment 1n accordance with the tlowchart in FIG.
14.

First, the grid point setting unit 1001 sets the position of a
orid point that 1s built in the color conversion table, and so
forth (step S1101). Note that the setting of the position of a
orid point 1s the identical as that 1n the first embodiment. Next,
the 1important color regions wherein the color conversion

table 1s constructed with the six-dimensional color space
LabPQR are set as follows (step S1401).

gray region: 0=L*=100, -16=a*=16, -16=b*=16

flesh-colored region: 37.53=L*=68.75, 0=a%=32,
0=b*=32

sky-blue region: 25=L*=56.25, -16=a* =32,
-64=b*=-16

green region: 37.5=L*=75, -48=3* =0, 16=b*=64

Next, the mitial value setting unit 1002 specifies a gnid
point Lab_in(ml) (wheremm1=1, 2, and so on through 4913)
to be calculated first (step S1402). For example, the initial
value setting umt 1002 sets Lab_in(1)=(0, —128, —128) to the
initial value. Next, the mitial value setting unit 1002 deter-
mines regarding whether or not the Lab_in(m1) corresponds
to within the important color regions (step S1403). In the
cvent that determination 1s made that the Lab_in(ml) is
included 1n the important color regions, the initial value set-
ting unit 1002 sets an 1nitial value PQR_1in(m2) (wherein
m2=1, 2, and so on through 3135) in the three-dimensional
spectral space PQR (step S1404). For example, the nitial
value setting unit 1002 sets PQR_in(1)=(-1.2, -0.8, —0.6) as
the mitial value. In the event that determination 1s made in
step S1403 that the input color Lab_in(ml) 1s outside the
important color regions, the flow proceeds to step S1408. The
processing of step S1408 and on will be described later.

Next, the optimal output color 1s derived with calculation
as to the Lab_in(m1) and PQR_in(m?2) in the six-dimensional
LabPQR space (step S1405). The calculation method of the
optimal output color 1s the same processing as the processing
from step S1104 through step S1109 1n the flowchart 1n FIG.
11, so description thereof will be omitted. Next, determina-
tion 1s made regarding whether or not the determination of an
output color regarding all of the PQR grid points has been
completed (step S1406), 1n the case of completion, the flow
proceeds to step S1412. In the event that there 1s an unproc-
essed PQR grid pomnt, the PQR values are updated (step
S1407), and the processing from step S1405 to step S1406 1s
repeatedly performed.

On the other hand, 1n the event that determination 1s made
in step S1403 that the Lab_in(m1) 1s outside the important
color regions, the 1nitial value setting unit 1002 creates a color
conversion table using the five-dimensional LabPQ). First, the
initial value setting unit 1002 sets an mitial value PQ_1n(m3)
(wherein m3=1, 2, and so on through 63) 1n the two-dimen-
sional spectral space PQ (step S1408). For example, the initial
value setting unit 1002 sets PQ_in(1)=(-1.2, -0.8) as the
initial value. Next, the optimal output color 1s derived with
calculation as to the Lab_in(m1) and PQ_1n(m3) in the five-
dimensional LabPQ space (step S1409). The evaluation tunc-
tion 1007 differs between the optimization 1n the six-dimen-
sional LabPQR space in step S14035 and the optimization
processing of the five-dimensional LabPQ space. Specifi-
cally, an output color 1s determined with the evaluation func-
tion of the following expression.

Eval__PO=AEab+0APQ

Here, AEab 1s the color difference 1n the CIELAB space,
APQ 1s the Fuclidean distance 1n the PQ space, and a 1s a
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weighting coefficient. With the second embodiment, let us
say that the weighting coetlicient 1s a constant value such as
a=9. Next, determination 1s made regarding whether or not
determination of an output color regarding all of the PQ gnid
points has been completed (step S1410), and 1n the event of
completion, the flow proceeds to step S1412. In the event that
there 1s an unprocessed PQ grid point, the PQ values are
updated (step S1411), and the processing from step S1409 to
step S1410 1s repeatedly performed. Finally, determination 1s
made regarding whether or not determination of an output
color regarding all of the L*a*b* grid points has been com-
pleted (step S1412), and 1n the event that there 1s an unproc-
essed grid point, the L*a*b* values are updated (step S1413),
and the processing from step S1403 to step S1412 is repeat-
edly performed. Thus, the color conversion table 104 1s cre-
ated.

Note that AEab has been employed as the color difference
of the evaluation function 1007, but the color difference
expression that can be employed for the evaluation function 1s
not restricted to this. There 1s no problem even 11 AE94, AEOO,
or something similar to color difference 1s employed.

Also, with the second embodiment, gray, flesh-colored,
sky-blue, and green are determined as the important color
regions, but the range that can be applied to the important
color region 1s not restricted to this. Also, even in the event of
determining only a gray region as the important color region,
or even 1n the event of determining a combination of several
types ol color regions as the important color region (e.g., gray
and flesh-colored regions), the present second embodiment
can be executed. Further, there 1s no problem even 11 a low-
saturation color 1s stipulated as the important color region,
and a high-saturation color 1s stipulated as the unimportant
color region.

Also, with the second embodiment, the number of dimen-
s10ons of color space mixed within the same color conversion
table 1s set to six dimensions and five dimensions depending
on a color region, but the combination of the number of
dimensions of the color conversion table 1s not restricted to
this. There 1s no problem even in the case of the combination
of five dimensions and four dimensions, which are down by
one rank as compared with the case of the second embodi-
ment, or even in the case of the combination of six dimensions
and four dimensions whose difference in the number of
dimensions 1s two dimensions. Further, even 1n the case of the
combination of six dimensions, five dimensions, and four
dimensions whose number of dimensions 1s changed into
three steps, or even in the case of taking the color space of
seven dimensions or more into consideration wherein the
fourth significant eigenvector and on are taken into consider-
ation, 1t 1s certain that the present invention can provide an
apparatus or a method for suppressing the memory size of a
color conversion table while suppressing deterioration of
color reproducibility.

Note that with the second embodiment, description has
been made regarding the color conversion table having a size
of 17x17x17x9x7x35 as one example, but 1t 1s needless to say
that the interval of the grid points, the defined region of the
orid points, and the number of grid points can be modified.
Also, the grid point setting unit 1001 includes a user interface,
and there 1s no problem even if an arrangement may be
employed wherein the interval of the grid points, the defined
region of the grid points, and the number of grid points can be
set arbitrarily depending on user preference.

As described above, according to the second embodiment,
the number of dimensions 1n spectral space 1s set low regard-
ing the color regions other than the important color regions
necessary for reduction of metamerism, whereby the memory
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s1ze necessary for the color conversion table can be further
suppressed without deteriorating color reproduction accura-
cies 1n the important color regions.

Third Embodiment

With the first and second embodiments, when determining,
the function determining spectral stimulus 203 for calculating
a spectral fundamental stimulus from a fundamental stimulus
value, the data group 1ncluding spectral reflectance such as a
print article or the like 1s employed, but the method for deter-
mimng the function determining spectral stimulus 1s not
restricted to the above-mentioned method. There 1s no prob-
lem even i1 an arrangement may be made wherein a specific
data group 1s not employed, the function determining spectral
stimulus 1s determined using a standard observer function,
1lluminant under viewing condition, and so forth.

Also, with the first and second embodiments, description
has been made employing the CIELAB serving as the funda-
mental stimulus value, but there 1s no problem even 1in the
event ol employing another fundamental stimulus. For
example, the fundamental stimulus value 1s one of tristimulus
values 1n 1lluminant under a particular viewing condition
represented with the CIELUYV, CIEXYZ, and so forth, or a
color value (e.g., RGB) derived and calculated therefrom.
Further, even 1n the case of employing a color appearance
model such as CIECAMOY97, CIECAMO?2, or the like 1n which
apparent effects are taken into consideration as the fundamen-
tal stimulus value, the second and third embodiments can be
executed.

Other Embodiments

It 1s needless to say that the present invention can provide
an apparatus or a method for suppressing the memory size of
a color conversion table while maintaining color reproduction
accuracies by an arrangement wherein a recording medium 1n
which the program code of software for realizing the func-
tions of the above-mentioned embodiments 1s recorded 1s
supplied to a system or an apparatus, and the computer (or
CPU or MPU) of the system of apparatus thereof reads out
and executes the program code stored in the recording
medium. In this case, the program code itself read out from
the recording medium realizes the functions of the above-
mentioned embodiments, and the recording medium storing
the program code thereof makes up the present invention.

As for a recording medium (computer-readable medium)
tor supplying the program code, for example, a tlexible disk,
a hard disk, an optical disc, a magneto-optical disk, CD-
ROM, CD-R, magnetic tape, a nonvolatile memory card,
ROM, DVD, or the like can be employed.

Also, 1t 1s needless to say that not only a case 1n which the
computer executes the readout program code, thereby realiz-
ing the functions of the above-mentioned embodiments, but
also a case 1 which the operating system (OS) or the like
running on the computer performs a part or all of the actual
processing based on the instructions of the program code
thereot, and the functions of the above-mentioned embodi-
ments are realized by the processing thereol, are also encom-
passed 1n the present invention.

Further, 1t 1s needless to say that a case in which the pro-
gram code read out from the recording medium 1s written 1n
the memory provided in a function expansion board mserted
in the computer or 1n a function expansion unit connected to
the computer, following which based on the mstructions of
the program code thereot, the CPU or the like provided 1in the
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forms a part of all of the actual processing, and the functions
of the above-mentioned embodiments are realized by the
processing thereol, 1s also encompassed 1n the present inven-
tion.

As many apparently widely different embodiments of the
present invention can be made without departing from the
spirit and scope thereol, 1t 1s to be understood that the inven-
tion 1s not limited to the specific embodiments thereof except
as defined 1n the appended claims. The scope of the following
claims 1s to be accorded the broadest interpretation so as to
encompass all modifications, equivalent structures and func-
tions.

What 1s claimed 1s:

1. A color processing apparatus, comprising:

a fTundamental stimulus iput unit to 1nput a fundamental

stimulus value and;

a spectral support coellicient input unit to mput a spectral

support coelficient; and
an output color determination unit to determine an output
color corresponding to said mnput fundamental stimulus
value and said input spectral support coefficient using a
table whose 1inputs are a fundamental stimulus value and
a spectral support coellicient,

wherein said spectral support coeflicient corresponds to a
spectral error of spectral information reconstructed from
said input fundamental stimulus value, and

wherein the interval of grid points of said table are uneven

regarding said spectral support coellicient.

2. The color processing apparatus according to claim 1,
wherein said spectral support coelficient corresponds to the
principal component of said spectral error.

3. The color processing apparatus according to claim 1,
wherein said fundamental stimulus value 1s one of tristimulus
values 1n illuminant under specific viewing condition, or a
color value dertved from said tristimulus values.

4. The color processing apparatus according to claim 1,
wherein the interval of grid points 1n the vicinity where the
spectral support coellicient 1s zero 1s smaller than the interval
of grid points where the spectral support coellicient has a
great absolute value.

5. A color processing apparatus, comprising:

a Tundamental stimulus iput unit to 1nput a fundamental

stimulus value;

a spectral support coellicient input unit to input a spectral

support coelficient; and
an output color determination unit to determine an output
color corresponding to said mnput fundamental stimulus
value and said mput spectral support coefficient using a
table whose inputs are a fundamental stimulus value and
a spectral support coellicient,

wherein said spectral support coellicient corresponds to a
spectral error of spectral information reconstructed from
sald fundamental stimulus value, and

wherein {irst and second coellicients whose degree of 1nci-

dence given to spectral information differs are included
in said spectral support coetlicient, and with said table,
the number of grid points of said first coellicient 1s
greater than the number of grid points of said second
coellicient.

6. The color processing apparatus according to claim 3,
wherein said fundamental stimulus value 1s one of tristimulus
values 1n 1lluminant under specific viewing condition, or a
color value dertved from said tristimulus values.

7. The color processing apparatus according to claim 5,
wherein said spectral support coelficient corresponds to the
principal component of said spectral error.

.
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8. A color processing apparatus, comprising:

a fundamental stimulus input unit to 1nput a fundamental

stimulus value;

a spectral support coellicient input unit to mput a spectral

support coelficient; and
an output color determination unit to determine an output
color corresponding to said mnput fundamental stimulus
value and said 1input spectral support coefficient using a
table whose iputs are a fundamental stimulus value and
a spectral support coellicient,

wherein said spectral support coetlicient corresponds to a
spectral error of spectral information reconstructed from
said fundamental stimulus value, and

wherein {irst and second coelficients whose degree of 1nci-

dence given to spectral information differs are included
in said spectral support coeltlicient, and with said table,
the range of said first coellicient 1s wider than the range
ol said second coelficient.

9. The color processing apparatus according to claim 8,
wherein said fundamental stimulus value 1s one of tristimulus
values 1n illuminant under specific viewing condition, or a
color value derived from said tristimulus values.

10. The color processing apparatus according to claim 8,
wherein said spectral support coelficient corresponds to the
principal component of said spectral error.

11. A color processing apparatus, comprising:

a fundamental stimulus input unit to 1nput a fundamental

stimulus value;

a spectral support coellicient input unit to iput a spectral

support coelficient; and
an output color determination unit to determine an output
color corresponding to said input fundamental stimulus
value and said 1input spectral support coefficient using a
table whose iputs are a fundamental stimulus value and
a spectral support coellicient,

wherein said spectral support coetlicient corresponds to a
spectral error of spectral information reconstructed from
said fundamental stimulus value, and

wherein with said table, the number of dimensions of the

spectral support coellicient differs depending on a color
region.

12. The color processing apparatus according to claim 11,
wherein said spectral support coellicient corresponds to the
principal component of said spectral error.

13. The color processing apparatus according to claim 11,
wherein said fundamental stimulus value 1s one of tristimulus
values 1n illuminant under specific viewing condition, or a
color value derived from said tristimulus values.

14. The color processing apparatus according to claim 11,
wherein with said table, the number of dimensions of a spec-
tral support coetlicient differs depending on the degree of
incidence of metamerism.

15. A color processing method, comprising:

using a processor to perform:

inputting a fundamental stimulus value;

iputting a spectral support coetficient; and

determining an output color corresponding to said input

fundamental stimulus value and said input spectral sup-
port coellicient using a table whose inputs are a funda-
mental stimulus value and a spectral support coellicient,

wherein said spectral support coellicient corresponds to a

spectral error of spectral information reconstructed from
said fundamental stimulus value, and
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wherein first and second coelficients whose degree of 1nci-
dence given to spectral information differs are included
in said spectral support coellicient, and with said table,
the range of said first coellicient 1s wider than the range
of said second coellicient.

16. A computer-readable medium having stored thereon a

program for causing a color processing apparatus to perform
a color processing method according to claim 15.

17. A color processing method, comprising:

using a processor to perform:

inputting a fundamental stimulus value;

inputting a spectral support coetficient; and

calculating, using an output color calculating unit, an out-
put color corresponding to said input fundamental
stimulus value and said input spectral support coeflicient
using a table whose 1mnputs are a fundamental stimulus
value and a spectral support coelificient,

wherein said spectral support coellicient corresponds to a
spectral error of spectral information reconstructed from
sald fundamental stimulus value, and

wherein with said table, the number of dimensions of a
spectral support coellicient differs depending on a color
region.

18. A computer-readable medium having stored thereon a

program for causing a color processing apparatus to perform
a color processing method according to claim 16.

19. A color processing method, comprising:

using a processor to perform:

inputting a fundamental stimulus value;

inputting a spectral support coelficient; and

determining, an output color corresponding to said input
fundamental stimulus value and said input spectral sup-
port coellicient using a table whose inputs are a funda-
mental stimulus value and a spectral support coellicient,

wherein said spectral support coellicient corresponds to a
spectral error of spectral information reconstructed from
sald fundamental stimulus value, and

wherein first and second coelficients whose degree of 1nci-
dence given to spectral information differs are included
in said spectral support coellicient, and with said table,
the number of grid points of said first coellicient 1s
greater than the number of grid points of said second
coellicient.

20. A computer-readable medium having stored thereon a

program for causing a color processing apparatus to perform
a color processing method according to claim 18.

21. A color processing method, comprising:

using a processor to perform

inputting a fundamental stimulus value;

inputting a spectral support coellicient; and

determining, an output color corresponding to said input
fundamental stimulus value and said input spectral sup-
port coellicient using a table whose inputs are a funda-
mental stimulus value and a spectral support coelficient,

wherein said spectral support coellicient corresponds to a
spectral error of spectral information reconstructed from
said fundamental stimulus value, and

wherein the interval of grid points of said table are uneven
regarding said spectral support coetlicient.

22. A computer-readable medium having stored thereon a

program for causing a color processing apparatus to perform
a color processing method according to claim 18.
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